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PURPOSE: To improve characteristics such as the variation of magnetic 
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CONSTITUTION: This magnetoresistant head uses a crystalline soft magnetic film 
as an underlayer for an anisotropic magnetor esistance film or a macro- 
magnetoresistance film having at least one pair of ferromagnetic layers 
arranged with a nonmagnetic middle layer in-between. The crystalline soft 
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si-ttomm&moTmt Lx^-rtL^-^zmLxm. 

&< k t> I8££j£*rk U Nb % Mo, V. W. Ti. Zr. 

HffcJ:lA , a*^»fiX!t^<fcfc l8tk. Cr. Rh. 0 
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t> m<Dym&. xfcitf y{4 0.001S x=£ 0.200 . 0. 30 
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Hff£liS l ait!iacfi814M^±JS;i>(iNi Fe-&&*> h & S i k £ 

ssiit p82^i*3J:^2^gaattJi<oa*>^ 

< k «> 1 JB k« UT«rafflWiJI!lI:t3K«S*i.fcNi Fe^A 

fufEfl l itfftS 2 <7>5$l8ttJI?> o *> l JKiCoifc fcf±Co 
-&^^=5:0. i^rmfBNiFe^^ti. Nb. Mo. V. W. 
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■T) Sr^-T Ni-Fe^^U;b»9>Sv\--7o>f 

mffimzGL. ttm$m.im& (bit. GMRkiE 

"*■) t*tXK ^^y^AXf&^^S-fflUJtGMR 
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k . lliS<0k #^J£fii^/o < its > k*^# <$&&Z 
b fcffi< t) 0 . — tiSttzp < t fi > » p < s a > 
Tfc*. <aii k8ftMfc*)J«tftt«i:t*fc, AM 
RJS«Ofiffip{i. 

P = P< 3 Fff> cos 2 ^ + P<£fi> sin 2 0 

k$ttz b &xz . ia 5 tc^-r i d tcstiLP *gs5fl?r 
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-£te(4. 0 £45£ttSJr£ X'MVZ £ b te«fc ot^I 
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[00 07] GMRMKH AMR\7 FtttJUft 
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[0 0 09] — (37tjJ:l^8^L.7t«t 5t. Ct 



(3) W8-315326 

4 

ttttK 3. 1 lttAMRRl*GMRK9 WTffltM 
Sn*«^^<, £»J:3fcE*CfcHJ[«ttR3. 1 

l#AMRJgl^GMRjg9<9Kfttttei^£r J ?-;tS.r 

fcfcft*. zzx~mi/zl±. JK8HSR3. l h;amr 

IKGMRI9 Of cc (11 1 )K|tiJltSr^S £#Sfc 
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gfc. Cr. Rh. Os. Re. Si. Al. Be. GaiJ J;lXGe^S 
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LTl^S. 

[00 16] i/.:*|gHJcOJKrvStiiS&*7-V^^ti. ft 

<mcof%iz®m*ivfi:imti®fri.%z>mmmb. mm 
n i a J; #m 2 aatfltcuK) a *>^=5r < fc *> 1 ji t m l 

*). 4^ffifl2NiFe^(4. Nb, Mo. V. W. Ti. Zr. Hf 
ts£mafrt>m8il.t:'J?%:<bl>mb. Cr. Rh. Os. R 
e. Si. Al. Be. Gait3£V : Gefrt>MlZtlt:$'%:< 1 1 1 

ntimmzmuztix^z z t zimt lt v^s . 

[0017] OT§ 4»tC*^^-,v^T#iffltiftHH-r 

[0018] *«ISrffli>^tlhlM£«aittKI2. 

b LTNi . Fefc J: tfCDft»6atfhj&J"Sr< fc i> HIOtc 

**jsh. z<7)£m-<mfabwm£m&£\*\±z j £h 

<0±i£#fc LT«4. mPe^A*W4 L< . f*fcHRsS. 
Niioo-b Feb t*S*l4i«frtt*^J: Dff* t 
V\. b(±at%T. 0 < b 50 . ±0»*L<{4 

10 < bS 40 &ffi&t2>mB.X'&&. 
[0 0 1 9] 4fc M7C«i:LTti. Nb. Ho. V. W. T 
i. Zr. Hf:B±tmj^mmS*KK£i> 

[ 0 0 2 0 ] -MT\ tthlMftrt'C±aEUfc±l««-fcll» 
LTfcc(lll)BBl6j14£Ktf>. **07x/W51IBfi«W>*P 
MfflStfrt&li^i* ttJBIflSfcfcHMr* N' TE^Sr 
4^(cfctvtli36(cfln;l4. ZtiizJ:*). SH^ffiX 

mmmm<r>&iifi:ffi&nm&bMiif%fcc(m)m\iii 

&*%Z>Zb1M1fcb%:Z>. £tf>J:d$: M' Tc^fcLT 

(4. Cr. Rh. Os. Re, Si. Al. Be. Gafc Xl/GefrbWi 

ti&'J?%<bl> l«OTc*£W&.rk#'T'i&&. fcfcf 

mco+ttm&mtt.*mfrt&zbi> i TZ%\,\ 
tjafiji^n Liars bfcc{mmft& j mwmm&& 

t>20at%KlTfc^S Zbtfttt L< . Sfc£0. la«*#fC' 

t. *m\x-m^mmM®&mi. 
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— Ti-(, + y) Mi M' y 

<5£#. T{4Ni. Fe*3«J:t/Co*»fe^l{4*tL/c^<i:t> 1 
«<7)7Clit£. M(4Nb. Mo, V. W. Ti. Zr. HfiUtfTa 
3&^m(ftL^r^<i:t> 1S<Otc^^. M' l4Cr. Rh. 
Os, Re, Si, Al. Be. Ga*5 £tftefrt>mtftltz'J?%:< b 
i> lS^yc^^r. x&Xtf y{4 0.001S xS 0.200. 0. 

ooi §; 0.200* m^-t^WL^-t) x-mmmzmz 

[00221 2*. ±^L^att^14ilOJKJ?{4. 
10 1- lOOnm^k-rS Z b *«i L^. 

ommtf inm^T°b&b*<Dt£&mmbti.Tm*i@. 

t t . ^^^ffiftatf^-v > bm^com. 
lt . fiBEmm^m^ •/ k ^aisBffc^/h* < * 

*S^ttSCfiBEffiS(4. «fift*800A/m5l^l. £*)&tL<te 

20 [ 0 0 2 3 ] § 4»(c*f6Wfc*JV^T«. ISJMSKflKttK 

f)TtfitTi. Ta. Zr. Cr. NbfeJ:tAtf;fc4Stf*l&4?4r 

mmmnmm&mfr&zb^whx'hz,. zcoxo 
%Tt&<mEw&&}m *m^tmmz& lt »*t * 

dkT'. ^^tt«tfiHHtKOfig^{EJt$tiT , ^colll? 
* lnmH0^i:^^rT't ) J£^b$-ti--6C:i:* s Wai: 5 5: 

o. iAv^Ti4fcc(in)Blrtitt*«rtr±-*-*. <r«rT. _B£ 

L*#HStt^SlSWlgl|E{4 1~ lOOnmigJg +i Z b tfi 

n&L\,\ fm&&mMnmm# lnm^T-^^i:. as 

9. - * lOOnm^gX-Sfc-eiXtgaiiitf^^yhmsJE 

^^TLiatj-en^s. 

[0024] *%HH«IS 1 wS3Mfi5S&«^-/ Kt4. ± 

^^SH (GMRI) -^r^aHt«*<±ffflg 
SttK^ttJSi: «W S i 3 L* t> ^T'fc S . 
[0025] BBie^tt«^«ffl-r^3tlS14IS«Wi: L 
40 T(4. Co. CoFe . CoNi. NiFe. -feV^Xh. NiFeCo. 

Fea n %ttf$>\ft>ti&. ztit>v>mmm<7>m2ii. 1 

~20nmT'fc %>Zb W0* L^. ^^tfatt^^ffiM-h^ 

mMztuzmmtmit fcc(ui) smsm»i£ji-c»«. 

2*ifia3§ilH±®(4. »*L<(4. (b*fcttOo^A-Cft 
T . i <7)Co&&(4£ ^ ^«?2 L < ttCoFe^&T-fc S „ 
mKCoFe^-^4. HK^. Coioo-a Fea -vm&tl&&& 
T'. IiT al4a« T'. 0 <a ^50. W*L<145 Sa 

[0026] imumb lt o*mi: lt 

50 t4. Mn. Fe. Ni. Cu. Al. Pd. Pt. Rh. Ru. lr. Au. Ag 



7 

^C9#fi8f££S^CuPd. CuPt. CuAu. CuNi*£c7>£-£**& 

ift>tL&. ztit><7>imtmv>mzi*. o.5~20niD-cfc 

X. GMRJS^fcc(lU)I2fatt;&*iSi9. JrtllZkiX 

vcz . $ t>iz-j£c?)m%-i,ztti>x*k-tMR!mi>±if 

%>Zk &X*% & . ii-C. ±fBB*^i&ijt3&l?l«! t L 
Tli. MX-fcfCo/Cu/Cb. CoFe/Cu/CoFe. NiFe/Cu/NiFe^ 
COVVb^SXtyK/U:/^ (Fe/Cr)„ ffUJBS,. (Co/C 

it. j^LfcZd%mitAmwmM£MMm®&'V 

LTM:frtt&^^*£^«8tE$! (AM Rig) £ 

•9. AMRHWcc(lll)iSr6l1t^«iiO, ffitn^tePS- 
iS#>& .r 6 . $ f£fi8tt;\'W TxJKtoigtfi; 

-$-£££^6. tEoT. GMRM<o^fcl^«t3. £ 
«J; 5 £AMRJS£ffltvc«fixXfc^filn«^ H 

[0028] mjjimms.tmmmti.xit. 
fc. &mizfctx AMRmt&£ , jmmw&<nmzBi& 

Ztl&im&&mmtl,X . Ti. Ta. Zr. Pt. Au. Ag. 
Cu. Pd^ffll^Cli:3& i T'§, Z(Dim&m<Dl&tii$:& 
m-&tTi. Ta. Zr#. lE|6j14<Offi^r*^tiPt, Au. A 
g. Ca. Pd##£U^ SMS. Pt. Au. Ag. Cu. Pd(CO 
WCti. Ni. Fe. Co. Cr s Mn^^JnLT^-ftTS £ 

^HstttiRoju^ii . -e z (caaxatr ^ -v v 

$rWi.S±-C* 100nm&Tfc^6C:fcMJ?*U\ 

[0029] loiemi tJ«fctx^2<oa^©*e&^>x H 

[0030] ogrfcr, ^im^TttMStfDSEMI^^ x 

*fctWEHiFe^4*4. HRsS: Ti-c,*,> M, 

t/?Fe. M&Nb. Mo. V. W. Ti. Zi\ HftJ iVTa^fejS 
Hf*ufe^«fl:< fc fc lffi<07CfgSr, M' JiCr, Rh, Os. R 
e. Si. AU Be. Ga*> JtA^&gilfifut^K k L 1 
S<7)7C^$r. xfcitf yfi. -Hi-Oh. 0.001 & x=£ 0.2 
00. 0.001=S 0.200SrS}J£-TSS:S-^:-r. 
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[0031 ] ifcst. ±IB TWU —f$&l. Niioo-b Fei "C 

b(±at% T&^T. 0 < b£50fc$WM-63Mtrc*4. 
[0032] 4fc|«Ea»aK«a»JR-r>''«-f X fcfeV vt . 

c(lll)BllHllB*»4>*4 . £*>Co££Wt, Hftj*CoiM-. 

otjg aS40fe»JEi-S»fl*CJ54. 
[0 0 33] Sfefc, ^^JK^ta^x^W Xl±, m 
10 ttKOTJ&bTi « Ta. Zr. Ci\ Nbfc it/Hfj&^Stm/S 

[00 34] £ti. mWRcoTmrntLXT^l-yrX 

m&mz&tszti>x'%&. 

[0035] 
[0036] 

[0037] mmmi 

20 l*jK{KMlO0nm ff &Si£gLh£. NiFe/\-^C3>f 

iZ. NbfcCrSr^jDLTtNiva.vFeis.oNba.B Cr 3 . s ffl^cO 
tSfflH^M*10n.»JB!irC»lSLfc. ifc^-C. i^O 

tCoFePd (4nm)/Cu (2. 5nm) /CoFePd (4nm ) ^O^^^S-X 

t LrMJ¥20nmeoCoPtM^^B^;LTtJf>3t„ -f-L 
30 STa/DiAaA^5SrS— *t^^f^^LT. GMR\» 

[0 0 3 8] JtfSMl 

4fc» «^l«OGMR^>y h'tLT. mimi kBWKwlfe 
H-ftMlOOnn ft#Si»^JtiC;. NiFe(10 nm)/CoFePd(4n 
m)/Cu(2. 5mn)/CoFePd(4nm)/FeMi(15niD) JOSfJBit*^ 

£ <ni. o \,z ^xnizmtm 1 *s i a'ttss09 1 cog m r^ 
>/ Hfcfi^fccaiDKrttttw^fc. iai «iM60<ji 

40 C0GMR^«y K^fcttSGMRMOXHIllSftiS (11 
GMR\7 h*ti3{t'S.GMRagcD (ill) tT— ^ftS^T 

[0039] mit$£vm2frt>mt>fr%£oi l z. mm 

micOGMR^y^it. »^0GMR^7 H tJt^tlO 
flWSlhW (Ul)t-^5ME*«»6#LTV^. =5:^. Hfc 
sSr-»TV»*t-^i4l!MW«afc»<«>«)-e*9. 4^: f 
cc^^ra^&tr-^tiffiicJL^^^di:*^, (11 
1) t-^^Srfcc(lll)ieifi]tt^N°7^-^ fc UTfflv^ 

50 
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[ o o 4 o 3 ttz. i&LtznmM i &£t/imM i <n 
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fcfcTU «0GMR\y KT14 I0%&m*-&mt 10 

&ffi (10.3%)##£>iU MR^&Jfc®MlCOl.0:U=*f 
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Z.tlZj:-?X. GMR^>y h'O^Wfti^^fl.. 

&X.X&l2£.7frt. 20 
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{mnmmtm^&wgft& (gmrsm») fc«o«H* 
*Mfi*a«H^)is**«ioon>tai « t . ^ v hmss 

^MzWfrZith £ fc j&*r&&^£ fc IS^fn; 
^W^ffiT-rS ffilWifc-S. . 30 

[00443 2|s||Jgfiaj<0±BK^T-*-SNiFecr)^cDaW 
fcWHfcLTtt. KH^Fttfcam^-^Vh^^^ 
«A5 >X*l%&~tZ, fc Ni#60at. 90at. %«93ffiffl. 
Fe#40at.%*>M0at.%?)|&B#*i!£ LV>. 

[004 5 3 ±j£#fc LT. NiFeCo£)37£^£ffl 

^•g>.Tfct>T'£.&. OT^NiFe«Dfflj£|£fflfc*fLT. Co 

£50at. ztizi.*) wmm&zmkmtz 

<%*)-t$rx. mmmsfimK^xL&o. 
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[0 04 73 HJ&M2 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetoresi stance-effect head used for a 

magnetic disk unit etc. 

[0002] 

[Description of the Prior Art] Generally, read-out of the information recorded on the magnetic-recording medium 
moves relatively the magnetic head for regeneration which has a coil to a record medium, and is performed by the 
technique of detecting the voltage by which an induction is carried out to a coil by the electromagnetic induction 
generated then. Moreover, when reading an information, using a magnetoresistance-effect head (it being hereafter 
described as an MR head) is also known. 

[0003] The electric resistance of a certain kind of ferromagnetic uses the phenomenon of changing according to an 
external magnetic field strength, and the MR head mentioned above is known as a high-sensitivity head for magnetic- 
recording mediums. In recent years, small and large capacity-ization of a magnetic-recording medium are advanced, 
and the relative velocity of the magnetic head for regeneration at the time of read-out of an information and a magnetic- 
recording medium becomes small. For this reason, even if it is parvus relative velocity, the expectation for the MR head 
which can take out a big output is increasing. 

[0004] The anisotropy magnetoresi stance effect from which electric resistance changes as an MR head mentioned 
above here depending on the angle of the orientation of a current, and magnetization of a ferromagnetic layer to 
accomplish (It is hereafter described as AMR) is shown. AMR head using the nickel-Fe system alloy ******** 
permalloy alloy layer etc., It has the laminated structure of a ferromagnetic layer and a nonmagnetic interlayer, and the 
GMR head using the spin bulb layer and artificial grid layer in which the huge magnetoresistance effect (it is hereafter 
described as GMR) is shown is known. Generally AMR head is rho<parallel »>rho <a perpendicular> based on 
resistivity [ when an input current (sense current) and magnetization M are parallel ] rho <parallel> differing from 
resistivity [ when perpendicular ] rho <a perpendicular> greatly. When the angle of current i and magnetization M to 
accomplish is set to theta, resistance rho of AMR layer is rho=rho <parallel> cos2. theta+rho <perpendicular> sin2 It 
can express theta, and as shown in drawing 5 , resistance rho changes. Therefore, when using AMR head as 
reproducing head, the greatest magnetic-reluctance rate of change can be obtained by leaning theta to the neighborhood 
45 degrees. 

[0005] As concrete structure of AMR head, the structure shown, for example in drawing 7 is known (**** technique 
MR 87-3 (1987) etc.). The AMR layer 1 is formed on the soft-magnetism bias layer 3 through the nonmagnetic 
membrane 2, and laminating formation of the terminals 5 and 5 which supply the antiferromagnetism bias layers 4 and 
4 and a sense current on the both ends of the AMR layer 1 is carried out as illustrated. By passing a sense current on 
such an AMR head, the magnetic field which the current builds starts the soft-magnetism bias layer 3. Thereby, it is 
magnetized and the soft-magnetism bias layer 3 can rotate magnetization of the AMR layer 1 by the magnetic field 
which the magnetization builds. As for such an AMR head, a possibility that magnetic-reluctance rate of change may 
be about 3%, and cannot correspond to a fall of the signal magnetic field from the magnetic-recording medium 
accompanied by a raise in recording density has produced what shows good ********** 

[0006] Then, recently, as shown in drawing 8 , the GMR head using the GMR layers 9, such as a sandwich-structure 
layer of ferromagnetic layer 6 / 7/ferromagnetism layer 8 of nonmagnetic interlayers, attracts attention. The magnetic- 
reluctance rate of change of a GMR head is in ordinary temperature. The thing exceeding 10% is reported (references, 
such as the Magnetics Society of Japan 17 and 91 (1993)). 

[0007] When the magnetization which is included in the ferromagnetic layers 6 and 8 unlike AMR head is mutually 
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parallel, a GMR head's resistance is low, and resistance becomes high when it is anti -parallel. In the case of the 
structure of drawing 8 , magnetization of the upper ferromagnetic layer 8 fixes with the antiferromagnetism exchange 
bias layer 10, and the lower ferromagnetic layer 6 is constituted so that magnetization may move freely. And input 
magnetic flux can be certainly drawn in the GMR layer 9 by arranging the soft-magnetism substratum layer 1 1 in 
contact with this ferromagnetic layer 6. Furthermore, since ferromagnetic distributor shaft coupling of this soft- 
magnetism substratum layer 1 1 and the ferromagnetic layer 6 is carried out, in connection with magnetization rotation 
of the soft-magnetism substratum layer 1 1, magnetization of the ferromagnetic layer 6 rotates them. In addition, the 
ferromagnetic bias layers 12 and 12 are formed in the ends lower part of the soft-magnetism substratum layer 11, 
respectively. 

[0008] By the way, also in any of AMR head and a GMR head, in order to read record by taking out the resistance 
change by the signal magnetic field, a sense current will be inputted and resistance change will be taken out as a change 
of potential. Here, it touches directly, and that the soft-magnetism bias layer 3 and the soft -magnetism substratum layer 
1 1 which were mentioned above are as indirect as the AMR layer 1 or the GMR layer 9, or since it is arranged, a sense 
current will flow also on these soft-magnetisms layers 3 and 1 1 . The amount of the current which flows into these soft- 
magnetism layers 3 and 1 1, and the amount of the so-called shunt current will not be able to be disregarded, but 
resistance change will become small compared with the time of there being no it. Temporarily, supposing resistance of 
the soft-magnetism layers 3 and 1 1 is the same as that of resistance of the AMR layer 1 or the GMR layer 9, magnetic- 
reluctance rate of change will become half Since it is such, the soft-magnetism layers 3 and 1 1 are expected for 
resistance to be strong. 

[0009] On the other hand, as shown in the drawing 7 and the drawing 8 , the soft-magnetism layers 3 and 1 1 will be 
formed in the AMR layer 1 and GMR layer 9 bottom in many cases, and the soft-magnetism layers 3 and 1 1 will affect 
the stacking tendency of the AMR layer 1 or the GMR layer 9 in such arrangement. It is enabled to raise an element 
property by generally giving the work which raises the fee (111) stacking tendency of the AMR layer 1 or the GMR 
layer 9 to the soft-magnetism layers 3 and 1 1 here. 

[0010] A permalloy layer is used for the soft-magnetism layers 3 and 1 1 there, and it is fee (1 1 1) of the GMR layer 9. 
To raise a stacking tendency is tried. However, since sufficient magnetic-reluctance rate of change is not obtained, it 
turns out that fee (111) stacking tendency by the permalloy layer is still inadequate. 

[001 1] Moreover, in order to improve the property of the soft-magnetism layers 3 and 1 1 , NiFe is made into a principal 
component, and how to add an alloying element to this can be considered, increasing resistance is actually reported by 
by adding Nb, Zr, etc. -- **** (J. Appl.Phys. 69, 5631 (1991)) -- already -- About fee (1 1 1) stacking tendency which is 
a property with one [ important ], it will not be improved so much, but will fall conversely by increasing an addition, 
not to mention it, above to some extent, and saturation magnetization will also fall. 
[0012] 

[Problem(s) to be Solved by the Invention] As mentioned above, conventionally, although the proposal about a raise in 
resistance of the soft-magnetism layer used as the substratum of AMR layer or GMR layer is made, the enhancement in 
the stacking tendency of AMR layer or GMR layer is not fully considered, and the soft-magnetism layer to which it can 
carry out satisfactory [ of both a raise in resistance and the enhancement in fee (111) stacking tendency ] is not 
obtained. 

[0013] this invention is raising fee (1 1 1) stacking tendency, and aims at offering the magneto resistance-effect head 
which aimed at enhancement in properties, such as magnetic-reluctance rate of change, while it increases resistance of 
the soft-magnetism layer which was made in order to cope with such a technical probrem, and serves as the substratum 
of MR layer. 
[0014] 

[Means for Solving the Problem] The 1st magnetoresi stance-effect head in this invention In the magnetoresistance- 
effect head which has the huge magnetoresi stance-effect layer which has been arranged through a nonmagnetic 
interlayer, and which has the ferromagnetic layer of a couple at least, and the crystalline soft-magnetism layer prepared 
in contact with any or one side as a substratum of the ferromagnetic layer of the aforementioned couple the 
aforementioned crystalline soft-magnetism layer was chosen out of nickel, Fe, and Co - at least — one sort is made into 
a principal component and it was chosen out of Nb, Mo, V, and W, Ti, Zr, Hf and Ta - at least » With one sort it was 
chosen out of Cr, Rh, Os, Re, Si, aluminum, Be, Ga, and germanium -- at least ~ One sort is characterized by being 
added simultaneously. 

[0015] Moreover, the 2nd magnetoresi stance-effect head of this invention In the magnetoresistance-effect head which 
has the crystalline soft-magnetism layer which touches directly as a substratum of an anisotropy magnetoresi stance- 
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effect layer and the aforementioned anisotropy magnetoresi stance-effect layer, or was prepared through the 
nonmagnetic membrane the aforementioned crystalline soft-magnetism layer was chosen out of nickel, Fe, and Co - at 
least -- one sort is made into a principal component and it was chosen out of Nb 5 Mo, V, and W, Ti, Zr, Hf and Ta at 
least - With one sort it was chosen out of Cr, Rh, Os, Re, Si, aluminum, Be, Ga, and germanium - at least » One sort 
is characterized by being added simultaneously. 

[0016] The magnetoresistance-effect device of this invention Moreover, the 1st and the 2nd ferromagnetic layer, The 
cascade screen which consists of a non-magnetic layer arranged between the above 1st and the 2nd ferromagnetic layer, 
In the magnetoresistance-effect device which consists of a magnetic film which consists of a NiFe alloy arranged on the 
aforementioned cascade screen in contact with at least one of the above 1 st and the 2nd ferromagnetic layers One of the 
above 1st and the 2nd ferromagnetic layers consists of Co or a Co alloy, moreover, the aforementioned NiFe alloy it 
was chosen out of Cr, Rh, Os, Re, Si, aluminum, Be, Ga, and germanium with at least one sort chosen out of Nb, Mo, 
V, and W, Ti, Zr, Hf and Ta — at least -- One sort is characterized by being added simultaneously. 
[0017] this invention is explained further in detail below. 

[0018] the crystalline soft-magnetism layer used by this invention was chosen out of nickel, Fe, and Co as a principal 
component -- at least -- The grain boundary is formed in order to raise resistance and ********** 0 f this principal 
component using one sort of elements. M element is added. As this principal component, NiFe alloy is desirable and it 
is general formula and nickel 100-b Feb especially. The alloy which has the composition expressed is more desirable, 
here b -- at% - it is -- 0 < b<=50 more - desirable -- 10 < b<=40 It is the numeric value to satisfy. 
[0019] moreover - it is chosen out of Nb, Mo, V, and W, Ti, Zr, Hf and Ta as an M element - at least -- One sort of 
elements can be mentioned. However, if the addition of M element is made [ many ], although resistance increases, a 
grain boundary will become fine and, finally it will become amorphously closely, for this reason the viewpoint of 
maintaining a stacking tendency **** not much many M elements cannot be added - the property searched for only by 
addition of only M element cannot be acquired 

[0020] Then, it dissolves with the principal component described above within crystal grain, and fee (111) stacking 
tendency is raised, and it differs from grain-boundary formation of contributing to electronic dispersion near the Fermi 
surface. M' element is further added in this invention, thereby -- a crystalline soft-magnetism layer - for example, It 
is enabled to obtain the outstanding ********** 0 f high permeability, and good fee (1 1 1) stacking tendency, attaining 
high resistance-ization exceeding lOOmicroomegacm. It is such. As an M* element, it is that it is few as being chosen 
out of Cr, Rh, Os, Re, Si, aluminum, Be, Ga, and germanium. One sort of elements can be mentioned. However, it is 
such. In addition of only M 1 element, sufficient high resistance-ization of a crystalline soft-magnetism layer cannot be 
attained. 

[0021] it mentioned above M element -- and -- if each M' element is added too much superfluously, in order for fee 
(1 1 1) stacking tendency and ********** to fall -- M element -- and -- It is desirable to make any addition of M 1 
element into less than [ 20at% ], and, less than [ 0. lat% ], it cannot fully acquire those addition effects. Therefore, the 
crystalline soft-magnetism layer used by this invention is general formula M f y (among a formula). : Tl-(x+y) Mx T 
was chosen out of nickel, Fe, and Co -- at least -- One sort of elements M was chosen out of Nb, Mo, V, and W, Ti, Zr, 
Hf and Ta -- at least -- One sort of elements M' was chosen out of Cr, Rh, Os, Re, Si, aluminum, Be, Ga, and 
germanium -- at least - One sort of elements x - and -- y the number with which it is satisfied of 0.00 l<=x<= : 0. 200 
and 0.00 K=y<=0. 200 -- being shown -- it is desirable to have the composition expressed substantially 
[0022] Moreover, it is desirable to be referred to as the thickness of the crystalline soft-magnetism layer mentioned 
above and about l-100nm. The thickness of a crystalline soft-magnetism layer If it is less than lnm, the crystallinity 
will be spoiled, a stacking tendency tends to fall, and it is one side. When lOOnm is exceeded, even if it is the 
crystalline soft-magnetism layer of high resistance, the amount of the shunt current which flows into it increases, and 
there is a possibility that resistance change of a magnetoresistance-effect head may become small, in addition, this 
invention -- setting -- this crystalline soft-magnetism layer - under coercive force 800A/m -- more desirable -- About 
crystallinity, it can check easily according to X-ray diffraction that what is necessary is just what has ********** 
about below 80A/m. 

[0023] furthermore in this invention, it was chosen as the substratum of a crystalline soft -magnetism layer out of Ti, 
Ta, Zr, Cr, Nb, and Hf - at least -- It is also effective to prepare the non-magnetic metal layer which makes one sort a 
principal component, and to raise the crystallinity of a crystalline soft-magnetism layer. By preparing the non-magnetic 
metal layer of such a substratum in contact with a crystalline soft-magnetism layer, growth of a crystalline soft- 
magnetism layer is promoted and the thickness It becomes easy to make it crystallize lnm order, even when thin, as a 
result fee (1 1 1) stacking tendency improves. Thickness of the non-magnetic metal layer mentioned above here It is 
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desirable to be referred to as about l-100nm. thickness of a non-magnetic metal layer fully raising the crystallinity of a 
crystalline soft-magnetism layer, if it is less than lnm -- being difficult becoming -- on the other hand If lOOnm is 
exceeded, the amount of the shunt current which flows into it will increase, and there is a possibility that resistance 
change of a magnetoresi stance-effect head may become small. 

[0024] On a crystalline soft-magnetism layer which was mentioned above, the 1st magnetoresistance-effect head of this 
invention forms the huge magnetoresistance-effect layer (GMR layer) which has been arranged through a nonmagnetic 
interlayer and which has the ferromagnetic layer of a couple at least so that one ferromagnetic layer may touch the 
above-mentioned crystalline soft-magnetism layer. 

[0025] As a ferromagnetic material used for the aforementioned ferromagnetic layer, they are Co, CoFe, CoNi, NiFe, a 
Sendust, NiFeCo, and Fe8 N. A grade is raised. As for the thickness of these ferromagnetics, it is desirable that it is 1 - 
20nm. Ferromagnetic layer arranged on this crystalline soft-magnetism layer fee (1 1 1) It is an orientation 
ferromagnetism layer. Moreover, the aforementioned ferromagnetic layer is Co or Co alloy preferably, and this Co 
alloy is a CoFe alloy still preferably. The aforementioned CoFe alloy is a general formula and ColOO-a Fea. It is the 
alloy expressed and is here, a is at%. They are 0 < a<=50 and the numeric value with which it is preferably satisfied of 
5<=a<=40. 

[0026] As a material as a nonmagnetic membrane, alloys, such as non -magnetic metal, such as Mn, Fe, nickel, Cu, 
aluminum, Pd, Pt, Rh, Ru, Ir, Au, and Ag, and CuPd, CuPt, CuAu, CuNi, are raised further again. As for the thickness 
of these nonmagnetic membranes, it is desirable that it is 0.5-20nm. By considering as such a configuration, the fee 
(1 1 1) stacking tendency of GMR layer increases, and it can raise ********** an d the resistance rate of change of 
GMR layer. Furthermore, since resistance of a crystalline soft-magnetism layer is high, the amount of the current which 
flows into a crystalline soft-magnetism layer can be reduced sharply. Therefore, the magnetic-reluctance rate of change 
of the magnetoresistance-effect head constituted using such a GMR layer can be raised, and MR photographic 
sensitivity shown to a still fixed magnetic field can also be raised. Here, as the above-mentioned huge 
magnetoresistance-effect layer, they are the so-called spin bulb layers, such as Co/Cu/Co, CoFe/Cu/CoFe, and 
NiFe/Cu/NiFe, for example. (Fe/Cr) n A cascade screen and n (Co/Cu) Artificial grid layers, such as a cascade screen, 
are used. 

[0027] Moreover, the 2nd magnetoresistance-effect head of this invention forms on it the ferromagnetic (AMR layer) 
which shows the anisotropy magnetoresi stance effect through direct or a nonmagnetic membrane, using a crystalline 
soft-magnetism layer which was mentioned above as for example, a soft-magnetism bias layer. By considering as such 
a configuration, the fee (111) stacking tendency of AMR layer increases, and resistance rate of change can be raised. 
Furthermore, since resistance of a soft-magnetism bias layer is high, the amount of the current which flows into it can 
be reduced sharply. Therefore, the magnetic-reluctance rate of change of the magnetoresistance-effect head constituted 
using such an AMR layer can be raised like the case of GMR layer, and MR photographic sensitivity can also be raised 
further. 

[0028] Here, as an anisotropy magnetoresistance-effect layer, it is a permalloy alloy etc. A nickel-Fe system alloy layer 
etc. is used. Moreover, when Ti, Ta, Zr, Pt, Au, Ag, Cu, Pd, etc. can be used and resistance of this nonmagnetic 
membrane is taken into consideration as a non-magnetic metal layer formed between AMR layer and a crystalline soft- 
magnetism layer if needed, Pt, Au, Ag, Cu, and Pd from the viewpoint of a stacking tendency have Ti, Ta, and 
desirable Zr. In addition, about Pt, Au, Ag, Cu, and Pd, it is adding and alloying nickel, Fe, Co, Cr, Mn, etc., and high 
resistance-ization of a nonmagnetic membrane may be attained. When the thickness of this nonmagnetic membrane 
stops the amount of the shunt current which flows in there here It is desirable to be referred to as lOOnm or less. 
[0029] In the above 1st and the 2nd magnetoresistance-effect head, the magnetoresistance-effect head of this invention 
can contain an amorphous magnetic layer as a substratum layer of the aforementioned crystalline soft-magnetism layer 
as a substratum layer. 

[0030] Next, the magnetic film which the magnetoresistance-effect device of this invention becomes from NiFe alloy 
can also contain Co further. Moreover, the aforementioned NiFe alloy is a general formula. : Tl-(x+y) Mx It has the 
composition expressed with M'y. nickel and Fe, and M the inside of a formula, and T Nb, Mo, V, W, Ti, it was chosen 
out of Zr, Hf, and Ta -- at least -- It Crs. M' one sort of elements it was chosen out of Rh, Os, Re, Si, aluminum, Be, Ga, 
and germanium -- at least -- one sort of elements -- x -- and -- y -- respectively -- The number with which it is satisfied 
of 0.001<=x<=0.200 and 0.001<-y<=0.200 is shown. 

[0031] Moreover, the above T is general formula and nickellOO-b Feb. It is desirable to have the composition expressed 

substantially, here b - at% it is - it is the numeric value with which it is satisfied of 0 < b<=50 

[0032] Moreover, in the aforementioned magnetoresistance-effect device, one layer of the 1st and 2nd ferromagnetic 
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layers consists of a fee (1 1 1) orientation layer of Co or Co alloy. This Co alloy has the composition expressed with 
general formula ColOO-a Fea. here a - at% it is it is the numeric value with which it is satisfied of 5<=a<=40 
[0033] furthermore, this magnetoresistance-effect device was chosen as the substratum of a magnetic film out of Ti, Ta, 
Zr, Cr, Nb, and Hf - at least The non-magnetic metal layer which makes one sort a principal component can also be 
prepared. 

[0034] Moreover, an amorphous magnetic layer can also be included as a substratum layer of a magnetic film 
[0035] 

[Embodiments of the Invention] 
[0036] 

[Example] Hereafter, the example of this invention is explained. 

[0037] an example 1 -- first -- lOOnm of thermal oxidation layers nickel73.7Fel9.0Nb3. 8 Cr3.5 which added Nb and Cr 
on the with Si substrate at NiFe permalloy The crystalline soft-magnetism layer of composition was formed by the 
lOnm thickness. Subsequently, using this crystalline soft-magnetism layer as a soft-magnetism yoke layer, the cascade 
screen of CoFePd(4nm)/Cu(2.5nm)/CoFePd (4nm) was formed as a spin bulb layer on it, and FeMn alloy layer of 
15nm of thicknesss was further formed as an antiferromagnetism exchange bias layer on it. In addition, CoPt layer of 
20nm of thicknesss was beforehand formed in the bottom of the both ends of a soft-magnetism yoke layer as a 
ferromagnetic bias layer. And the terminal of a couple which consists of Ta/Cu/Ta which supplies a sense current on an 
antiferromagnetism exchange bias layer was formed, and the GMR head was produced. In addition, the concrete 
structure of a GMR head presupposed that it is the same as that of the conventional GMR head shown in drawing 8 . 
[0038] lOOnm of the thermal oxidation layers same as the example 1 of a comparison, and a conventional GMR head as 
an example 1 On a with Si substrate The cascade screen of NiFe(10 nm)/CoFePd(4nm)/Cu(2.5nm)/CoFePd 
(4nm)/FeMn (15nm) is formed, fee (111) stacking tendency in the GMR head of the example 1 which produced the 
GMR head (example 1 of a comparison) and which carried out in this way and was acquired, and the example 1 of a 
comparison was investigated. Drawing 1 is based on the X-ray diffraction of GMR layer in the GMR head of an 
example 1. (1 1 1) It is GMR layer [ in / it is a profile near a peak and / the GMR head of the example 1 of a comparison 
in drawing 2 ]. (1 1 1) It is a profile near a peak. 

[0039] The GMR head of an example 1 compares with the conventional GMR head so that clearly from the drawing 1 
and the drawing 2 , and it is 10 or more times. (Ill) Peak intensity is obtained, in addition, the thing based on a 
laminated structure in the peak which is a shoulder -- it is -- moreover -- Since the peak in connection with fee structure 
otherwise is not seen, it can use peak intensity (1 1 1) as a parameter of fee (111) stacking tendency. 
[0040] Moreover, resistance of NiFeNbCr layer used as a soft-magnetism yoke layer by the GMR head of the example 
1 of a comparison in the GMR head of the example 1 mentioned above and the example 1 of a comparison It was 
1 lOmicroomegacm. this - resistance of NiFe permalloy of the example 1 of a comparison 30 if it considers that it is 
muomegacm — M element ~ and -- By having added both the elements of M' element shows that resistance can be 
made high, while high fee (111) stacking tendency is shown. 

[0041] Furthermore, important property The magnetic-reluctance rate of change whose number is one is at the GMR 
head of an example 1 to having been 2.5% in the GMR head of the example 1 of a comparison. The good value 
(10.3%) exceeding 10% is acquired, and MR photographic sensitivity was also improving with 2.0% to 1.0% of the 
example 1 of a comparison. This originates in the enhancement in a raise in resistance of a soft-magnetism layer by 
which the laminating was carried out to GMR layer, and fee (1 1 1) stacking tendency, and especially the enhancement 
in fee (1 1 1) stacking tendency is considered to raise these properties. 

[0042] Thus, properties differ in principal components, such as NiFe alloy. The enhancement in the property of a GMR 
head is seen and by using the crystalline soft-magnetism layer which added two kinds of elements shows the usefulness 
of this invention. In addition, these results are shown in Table 1 and 2. 

[0043] Next, the relation between the thickness of the crystalline soft-magnetism layer which consists of the above- 
mentioned NiFeNbCr layer, and magnetic-reluctance rate of change (GMR rate of change) is shown in drawing 3 . 
Thickness of drawing 3 to a crystalline soft-magnetism layer It turns out that it is desirable to consider as the domain of 
one to 100 nm. The thickness of a crystalline soft-magnetism layer If it is less than Inm, since it is a membranous 
initial growth step, it is hard to crystallize, and sufficient magnetic-reluctance rate of change is not obtained from a 
stacking tendency becoming bad. On the other hand, when the thickness of a crystalline soft-magnetism layer exceeds 
lOOnm, since a shunt current cannot fully be decreased, there is an inclination that magnetic-reluctance rate of change 
falls. 

[0044] As a domain with the good component of NiFe which is the principal component of this example, when the 
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balance of the size of ********** and the magnetic moment is taken into consideration, the domain of 60at.% to 
90at.% and Fe have [ nickel ] the desirable domain of 40at.% to 10at.%. 

[0045] Moreover, the 3 yuan system of NiFeCo can also be used as a principal component, the composition domain of 
the above-mentioned NiFe -- receiving -- Co under 50at.% ON **** - ********** can t> e mac j e t0 improve by 
things However, if it puts in more than this, coercive force He will become large too much, and ********** w jh 
become bad. 

[0046] In addition, about this example, although Si substrate with a thermal oxidation layer was used, even if it used 
the alumina layer which formed membranes to the ********** substrate, the same effect has been checked. 
[0047] Although it followed in the example 2 example 1 when growing up a direct crystallinity soft-magnetism layer 
on Si substrate with a thermal oxidation layer, or an alumina layer In order to ease the influence of the substratum by Si 
substrate with a thermal oxidation layer, or the alumina layer and to raise the fee (111) stacking tendency of a spin bulb 
layer in the example 2 As a substratum layer of a crystalline soft-magnetism layer, it is amorphous. Co 87Zr5.5 Nb7.5 
lOnm of layers is formed and it is nickel73.7Fel9.0Nb3. 8 Cr3.5 on it. It is 5nm about the crystalline soft-magnetism 
layer of composition. Membranes were formed by the thickness. Subsequently, the example 1, the same spin bulb 
layer, and the antiferromagnetism exchange bias layer were formed on it. 

[0048] Thus, the fee (111) stacking tendency of GMR layer in the created GMR head was investigated. Consequently, 
it checked that the intensity which shows fee (1 1 1) peak was almost equal to an example 1 . It is shown that this is 
carrying out high fee (1 1 1 ) orientation although the thickness of a crystalline soft-magnetism layer is half [ of an 
example 1 ]. 

[0049] Thus, in this example 2, although the shunt current flowed on the substratum layer, high fee (1 1 1) orientation is 
acquired and GMR rate of change became [ GMR photographic sensitivity ] higher than 2.2%/Oe and the example 1 
1 1% as a result. Moreover, by using a substratum layer, it was able to combine with the crystalline soft-magnetism 
layer, and the high soft magnetism was able to be obtained. 

[0050] Moreover, the relation between the thickness of the crystalline soft-magnetism layer when forming a substratum 
layer and magnetic-reluctance rate of change (GMR rate of change) is shown in drawing 4 . In drawing 3 , it differs and 
is 5nm. High magnetic-reluctance rate of change is obtained by the neighboring thickness, and it turns out that the 
substratum layer has helped growth of a crystalline soft-magnetism layer. FeN of CoZrNb system amorphous on the 
substratum layer which raises the fee (1 1 1) stacking tendency of this crystalline soft-magnetism layer, FeTa system, 
and a microcrystal layer A system and FeZrN A system etc. shows the same effect. 

[0051] Although the substratum layer of a monolayer was used in the example 2 of the example 3 above-mentioned as 
a substratum layer which raises the fee (1 1 1) stacking tendency of a crystalline soft-magnetism layer, the multilayer 
which consists of a nonmagnetic substratum layer and a nonmagnetic magnetic substratum layer instead of the 
substratum layer can also be used. 

[0052] At this example, it is [ 5nm and ] Co87Zr5.5 Nb7.5 on it about Ta to a nonmagnetic membrane. It is 5nm about 
a layer. On the formed substratum, it is nickel73.7Fel9.0Nb3. 8 Cr3.5. It is 5nm about the crystalline soft-magnetism 
layer of composition. Membranes were formed and, subsequently to a it top, the example 1, the same spin bulb layer, 
and the antiferromagnetism exchange bias layer were formed. 

[0053] Thus, the fee (1 1 1) stacking tendency of GMR layer in the created GMR head was investigated. Consequently, 
it turns out that the intensity which shows fee (1 1 1) peak is almost equal to an example 1, even if it uses the above two- 
layer substratum layers, high fee (111) stacking tendency can be maintained, and the value with GMR rate of change 
almost equivalent [ 1 1% and GMR photographic sensitivity ] to 2.2%/Oe and the example 2 is acquired as a result. 
There is little magnetic moment still total in this example than an example 2. Therefore, when it head-izes, the flux 
density from a medium increases, and the enhancement in an output can be expected. 

[0054] As a nonmagnetic substratum layer of this example, they are Ti, Zr, Cr, and Nb besides Ta. And the effect with 
the same said of Hf was able to be checked, moreover, the thickness of a nonmagnetic substratum layer -- 1 nm **** 
the domain of lOnm is desirable lnm Below, it is 1. By the thickness by which lOnm is exceeded, a shunt current also 
increases with the membrane formation as a layer of a layer being difficult. A magnetic substratum layer is also lnm. 
Below, it is 1. With the membrane formation as a layer of a layer being difficult, by the thickness by which lOnm is 
exceeded, a shunt current also increases, and if it is more than this thickness, a nonmagnetic substratum layer is not 
needed. 

[0055] Although it can use also with the structure of drawing 8 as head structure of this example, there is a possibility 
that the switched connection of the ferromagnetic bias layer 12 and the soft-magnetism layer 1 1 may go out with this 
nonmagnetic substratum layer. Therefore, it is desirable that it is arranged that the nonmagnetic substratum layer 13 is 
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arranged at the substratum of the ferromagnetic bias layer 12 as shown in drawing 9 . 

[0056] The effect with the alloying element of the crystalline soft-magnetism layer shown in the aforementioned 
examples 2 and 3 same also about the element shown in the examples 4-34 described below accepted 
[0057] The GMR head was produced like the example 1 except replacing the crystalline soft-magnetism layer in 
examples 4-34, and the example 2 of a comparison - the 13 above-mentioned example 1 with the crystalline soft- 
magnetism layer of each composition shown in Table 1 and 2. In moreover, the principal component which consists of 
aNiFe alloy as an example of a comparison with this invention In the principal component which consists of a GMR 
head (examples 2-9 of a comparison) using the crystalline soft-magnetism layer which added only M element, and a 
NiFe alloy The GMR head (examples 10-13 of a comparison) using the crystalline soft-magnetism layer which added 
only M' element was produced like the example 1, respectively. 

[0058] Crystalline soft-magnetism layer in the GMR head of each [ these ] example and the example of a comparison 
(1 1 1) While peak intensity and resistance were measured, GMR rate of change and GMR photographic sensitivity of a 
GMR head were measured. Those values are collectively shown in Table 1 and 2. 
[0059] 







(no 


9 


wm 


CHSft 






X(at%) 


Jf (at*) 






(X) 


(K/0e) 




1 


NiFe 


Nb(3. 8) 


Cr(3.5) 


2500 


no 


10.3 


2.0 




4 


NiFe 


toC4.8) 


Cr(3. 5) 


2600 


105 


10.5 


1.8 




5 


NiFe 


V C2.6) 


Cr(3. 5) 


2400 


100 


1L0 


2.2 




6 


TfiFe 


* (L 7) 


CrQ.S) 


2500 


120 


9.8 


1.6 




7 


RiFe 


11(2.7) 


Cr(3.S) 


3000 


115 


10.2 


1.7 




8 


Ni& 


.2r{l.S> 


CrO.5) 


3400 


100 


10.6 


2.3 




9 


NiFe 


Bf(2.4) 


CrO.5) 


2600 


110 


10.9 


1.8 




10 


NiFe 


Ta{3,2> 


Cr(3.5) 


2100 


103 


11.1 


1.5 




11 


NiFe 


NbC3.4> 


BhCS. 0) 1 


2400 


107 


10.1 


2.6 




12 


NiFe 


MA. E) 


Bh(5.D) 


34D0 


112 


9.5 


1.1 


m 


13 


KiFe 


V (2.4) 


Sh(5.0) 


2200 


106 


9.8 


1.2 




14 


NiFe 


1 (U) 


Sh(5. 0) 


3200 


104 


112 


1.6 




15 


NiFe 


TK2.0 


Sh(5.0) 


2500 


103 


11.3 


1.7 




16 


NiFe 


Zr(L7) 


M5.0) 


2900 


110 


10.4 


L3 


H 


IT 


NiFe 


Bf(2,2) 


8M5.0) 


3100 


100 


10.6 


2.0 




IB 


KiFe 


Ta(3.4) 


Bh(5.0) 


2600 


106 


10.2 


2.0 




19 


NiFe 


Nb(3.2) 


0s(4.1) 


2700 


104 


10.1 


2.4 




20 


NiFe 


Ho(4.4) 


0s<4. 1) 


2800 


108 


10.9 


2.3 




21 


KiFe 


v aa 


0s(4.1) 


2400 


102 


10.7 


2.0 




22 


NiFe 


i a 6] 


0s(4. 1) 


2500 


106 


9.6 


1.8 




23 


NiFe 


nan: 


Osai) 


2500 


113 


10.4 


L4 




24 


NiFe 


WLE 


> 0s(4. i; 


) 2400 


104 


10.2 


1.7 




25 


NiFe 


SK2.E 


\ o*(4. i: 


> 2300 


102 


10.6 


1.6 




26 


NiFe 


Ta(2,8; 


) os(4. i: 


) 3500 


106 


11.8 


5L1 



[Table 2] 
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(111) 


9 


mm 










IT (att) 


Mil 




00 


(X/Oe) 




27 


NiPe 


M>(8.0) 


S1C6.2) 


4000 


112 


11.7 


2.6 




28 


NiFe 


Mo(4. b 


Si (6. 2) 


3800 


115 


1L5 


2.4 




29 


fliFe 


v ao) 


Si(6.2) 


2600 


118 


10.4 


2.2 




30 


NiFe 


» a » 


SK6.0 


2400 


104 


10.5 


l.B 


m 


31 


NiFe 


TiC3, 0) 


Si (6. 2) 


2B0O 


103 


10,4 


2.7 




32 


KlFe 


zrao) 


SI (6. 2) 


3100 


107 


10.9 


1.9 




33 


NiFe 


Hf(2.5> 


Si (6. 2^ 


2600 


102 


10.7 


2.4 




34 


NiFe 


Ta(3. 6) 


SK6.2) 


2400 


100 


10.5 


2,1 


















1 


NiFe 






400 


30 


2.5 


O.S 




2 


NiFe 


Kb(3.8) 




650 


82 


5.2 


0.7 


ifc 


3 


NiFe 


Mod 8) 




500 


75 


12 


0.5 




4 


NiFe 


V C2.fi 




620 


83 


5.0 


0.8 




5 


NiFe 


T (1.8) 




580 


78 


4.8 


0.6 




6 


NiFe 


TidU 




610 


75 


-5.0 


0.5 




7 


NiFe 


Zr(L 5) 




640 


85 


5.2 


0.7 




8 


NiFe 


Ef(2.S) 


— 


600 


78 


4.9 


0.5 


M 


9 


NiFe 




— 


550 


80 


4.5 


0.5 




10 


NiFe 




Cr(3.E 


200D 


58 


7.2 


1.2 




11 


NiFe 




Rh(5, 0; 


18QO 


56 


7.0 


1.1 




12 


NiFe 






> 210D 


61 


6.8 


0.9 




13 


NiFe 




Si(6. i 


) 1600 


55 


7.1 


1.0 



While excelling in fee (1 1 1) stacking tendency in the GMR head of each example, high resistance is shown, and the 
property which was excellent with these is acquired so that clearly from Table 1 and 2. On the other hand, the 
crystalline soft-magnetism layer which added only M element is not enough as them although some high resistance- 
ization is attained, and it turns out that fee (111) stacking tendency cannot be raised. Moreover, by the crystalline soft- 
magnetism layer which added only M' element, although fee (111) stacking tendency is improving, it understands that 
too sufficient high resistance is not obtained. Property sufficient in the GMR head of each example of a comparison is 
not acquired by these. 

[0060] nickel751.Fel8.2Zrl.7 Rh5.0 which added Zr and Rh at NiFe permalloy on Si substrate an example 35 and with 
an example of comparison 14 thermal -oxidation layer The crystalline soft-magnetism layer of composition was formed 
by the 30nm thickness. Subsequently, NiFe alloy layer of 40nm of thicknesss was formed as Ti layer of 40nm of 
thicknesss, and an AMR layer as a nonmagnetic membrane on it, using this crystalline soft-magnetism layer as a soft- 
magnetism bias layer. And AMR head was produced by forming the terminal of a couple which consists of Cu for 
supplying a sense current on AMR layer. In addition, the concrete structure of AMR head presupposed that it is the 
same as that of the conventional AMR head shown in drawing 5 . 

[0061] In AMR head by the example mentioned above, magnetic-reluctance rate of change showed the good value 
(3.4%) exceeding 3%. The magnetic-reluctance rate of change at the time of on the other hand using CoZr system layer 
used for a soft-magnetism bias layer from the former was about 1% (example 14 of a comparison). Resistivity of CoZr 
system layer It is lOOmicroomegacm, and since it hardly changes with NiFeZrRh soft-magnetism layer, the 
enhancement in the fee (1 1 1) stacking tendency of AMR layer can consider that the difference in magnetic-reluctance 
rate of change has influenced greatly, and the usefulness of this invention is shown. In addition, a result is shown in 
Table 3 and 4. 
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[0062] AMR head was produced like the example 35 except replacing the crystalline soft-magnetism layer in examples 
36-67, and the example 15 of a comparison - the 26 above-mentioned example 35 with the crystalline soft-magnetism 
layer of each composition shown in Table 3 and 4. In moreover, the principal component which consists of a NiFe 
alloy as an example of a comparison with this invention In the principal component which consists of an AMR head 
(examples 15-22 of a comparison) using the crystalline soft-magnetism layer which added only M element, and a NiFe 
alloy AMR head (examples 23-26 of a comparison) using the crystalline soft-magnetism layer which added only M' 
element was produced like the example 35, respectively. 

[0063] The magnetic-reluctance rate of change in AMR head of each [ these ] example and the example of a 

comparison was measured. Those values are collectively shown in Table 3 and 4. 

[0064] 







m& 








tf (atX) 


00 




35 


NiFe 


Zr(L7) 


Kh (5.0) 


3.4 




36 


ffiFe 


Nb(3.8) 


Cr(3. 5) 


3.1 




37 


NiFe 


Ho(4.8) 


Cr(3. S) 


3.2 




38 


NiFe 


V (2.6) 


Cr(3,5) 


3.0 




39 


NiFe 


KL7) 


CK3.5) 


2.8 




40 


HiFe 


Titt.7) 


Cr(15) 


2.9 




41 


NiFe 


Ml. 9) 


Cr(3.5) 


3.4 




42 


NiFe 


Sf(2L4> 


Cr(3.5) 


3.2 




43 


NiFe 


Ta(12) 


Cr{3.5) 


3.1 




44 


HiFe 


Kb&4) 


Bh(5. 0) 


2.6 




45 


NiFe 


Bb(4. 6) 


Hh(5. 0) 


2.5 


& 


46 


RiFe 


V (2.4) 


5h(5. 0) 


2,8 




47 


NiFe 


T (1.8) 


fih(5.0) 


2.9 




48 


NiFe 


Ti(2. 6) 


Rh(5.0) 


3.0 




49 


NiFe 


Ml. 7) 


Eh(5,0) 


3.4 




50 


KiFe 


Mtt» 


8h(5. 0^ 


2.7 




51 


NiFe 


TaG.4) 


Hh(5. 0) 


3.5 




52 


NiFe 


Nb(3.2) 


0s(4. 1) 


3.4 




53 


NiFe 


MLti 


0s(4. 1) 


2.6 




54 


HiFe 


V (2.2) 


0s(4.1) 


2,8 




55 


NiFe 


r (1.6) 


0s(4 1) 


2.4 




56 


NiFe 


nai) 


0s(4.1) 


2.3 




57 


NiFe 


Zr(U) 


0s(4.1) 


2.9 




58 


NiFe 


Hfttfl) 


0s(4.D 


15 



[Table 4] 
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M(atSj) 


«' (at*) 


00 




59 


NiFe 


Tad 8) 


OsCi 1) 


13 




60 


NiFe 


NbG.O) 


Si (6. 2) 


11 




61 


NiFe 


tottl) 


Si (6. 2) 


3.2 




62 


me 


v ao) 


Si (6. 2) 


3.0 


m 


63 


NiFe 


I CL» 


Si (6. 2) 


3.2 




64 


NiFe 


TK3.0) 


Siffl.2) 


3.1 




65 


NiFe 


Zr(2. 0) 


SK6.2) 


3.4 




86 


NiFe 


Hf(2.5) 


Si(6. 2) 


3.0 




67 


XLFe 


Ta(3. B) 


Si(6.2) 


2.7 




U 


CCoZr) 


L0 




15 


NiFe 


HW3.H) 




1.5 


It 


IB 


KiFe 


Mo(4.8) 




1.2 




17 


NiFe 


V (2.4) 


— 


L4 




18 


NiFe 


W (1.8) 


— 


1.3 


R 


19 


KiFe 


Ti&D 




1.0 




20 


NiFe 


2r(1.5J 




LI 




21 


NiFe 


was) 




0.9 




22 


NiFe 


Ta(3.6) 




0.6 




23 


NiFe 




Cr(3.5) 


L8 




24 


NiFe 




Bh(5.0) 


1.7 




25 


NiFe 




Os«.i) 


L9 




26 


NiFe 




Si(6.2) 


LG 



When each example and the example of a comparison which were mentioned above are compared, it turns out that 
magnetic-reluctance rate of change is large. Because the fee (1 1 1) stacking tendency of AMR layer by this having used 
the crystalline soft-magnetism layer like the example 35 improved can be considered. 

[0065] On Si substrate with an example 68 thermal-oxidation layer, it is a thickness as a substratum. The non-magnetic 
metal layer which consists of a 5nm Ti layer is made to intervene, and it is nickel73.7Fel9.0Nb3. 8 Cr3.5. The 
crystalline soft-magnetism layer of composition was formed by the lOnm thickness. Subsequently, the example 1, the 
same spin bulb layer, and the antiferromagnetism exchange bias layer were formed on it. 

[0066] Thus, fee (1 1 1) stacking tendency in the GMR head of the acquired example 68 was investigated. Consequently, 
it is abbreviation from the time of the peak which shows fee (1 11) intensity not making 1200 and the nonmagnetic 
membrane of a substratum intervene. It checked that it was large 5 times. This is because it could be made to have been 
able to crystallize in a thin thickness called lOnm and the stacking tendency of GMR layer on it was raised, when the 
non-magnetic metal layer which consists of a Ti layer helps growth of a crystalline soft-magnetism layer. Therefore, 
GMR rate of change 12.4% and GMR photographic sensitivity are also 2.4%/Oe. It is higher than an example 1. 
[0067] Moreover, the relation between the thickness of the crystalline soft-magnetism layer when forming the non- 
magnetic metal layer which consists of the above-mentioned Ti layer as a substratum layer, and magnetic-reluctance 
rate of change (GMR rate of change) is shown in drawing 5 . It turns out that magnetic-reluctance rate of change high 
when especially a thickness is thin is obtained as compared with drawing 3 . 

[0068] Although it can use also with the structure of drawing 8 as head structure of this example, there is a possibility 
that the switched connection of the ferromagnetic bias layer 12 and the soft-magnetism layer 1 1 may go out with this 
nonmagnetic substratum layer. Therefore, it is desirable that it is arranged that the nonmagnetic substratum layer 13 is 
arranged at the substratum of the ferromagnetic bias layer 12 as shown in drawing 9 . 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi__ejje 2/19/02 



Page 11 of 12 



[0069] The GMR head was produced like the example 68 except replacing the crystalline soft-magnetism layer in the 
example 69 - the 99 above-mentioned example 68 with the crystalline soft-magnetism layer of each composition shown 
in Table 5 and 6. Crystalline soft-magnetism layer in the GMR head of each [ these ] example (1 1 1) While peak 
intensity was measured, GMR rate of change and GMR photographic sensitivity of a GMR head were measured. Those 
values are collectively shown in Table 5 and 6. 
[0070] 







(111) 


GHBfp 








*(att) 


r (ati) 


HB 


ft) 


(J/Oe) 




68 


NiFe 


Kb(3.8) 


Cr(3. 5) 


12000 


12.4 


2.4 




69 


NiFe 


Mo(4.S) 


CrQ.5) 


12500 


12,0 


2.2 




70 


KiFe 


y a 6) 


Cr(3, 5) 


11500 


13.2 


2.6 




71 


NiFe 


1 (1.7) 


Cr(3. 5) 


12000 


11.8 


1.9 




72 


NiFe 


Ti(2. 7) 


CK3.5) 


14400 


12.2 


2.0 




73 


NiFe 


2r(L 9) 


Cr(3.5) 


16200 


12.7 


2.8 




74 


NiFe 


Bf (2, 4) 


Cr(3. 5) 


12500 


13.1 


2,2 




75 


NiFe 


Ta(3.2) 


Cr(3, 5) 


1Q100 


13.3 


L8 




76 


NiFe 


Nb(3.4) 


Bh(5. 0) 


11500 


12.1 


3.1 




77 


KiFe 


Mo (4. 6) 


Eh(S. D) 


16300 


11.4 


1.3 


ft 


78 


KiFe 


V (2.4) 


BK5.0) 


15400 


11.8 


1.4 




79 


MFe 


* (1. 85 


EK&.0) 


15400 


12.2 


1.9 




80 


NiFe 


Ti(2.6) 


EK5.0) 


12500 


13.6 


2.0 




SI 


MFe 


Zr(L7) 


8h(5,G) 


13900 


12. 5 


L6 


fl 


82 


KiFe 


Bfa2> 


Bh(5.0) 


14900 


12. 7 


2:4 




S3 


KiFe 


TaC3.4) 


Eh(5.0) 


12500 


12.2 


2.4 




84 


NiFe 


Nb(3.2) 


0s(4.1) 


13000 


12.1 


2.9 




85 


NiFe 


lo(4.4) 


OsCU) 


13400 


13.1 


2.8 




86 


NiFe 


Y (2. 2) 


osa i) 


11500 


12,8 


2,4 




87 


NiFe 


I (16) 


0s(4. 1) 


12500 


11.5 


2.2 




88 


NiFe 


Ti(2,l) 


0s<4, 1) 


12000 


12.5 


1.7 




89 


NiFe 


Zr(L5) 


03(4,1) 


11500 


12.2 


2.0 




SO 


NiFe 


Hf<2.6) 


0s(4. L) 


11000 


12.7 


L9 




91 


NiFe 


Ta(2.8) 


0s(4. 1) 


16800 


14.2 


2.5 



[Table 6] 
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(111) 


mm 


GMBH 






X(at» 


M' (at*) 


MK 


(50 


0S/0b) 




92 


NiFe 


M3.0) 


SUB. 2) 


18203 


140 


3.1 




93 


NLFe 


Ko(41) 


81(6.2) 


18200 


13.8 


2.9 




94 


NiFe 


V (2. 0) 


SK6.2) 


12500 


12.5 


2.6 


m 


95 


NiFe 


I (1.3) 


Si(S. 2) 


11500 


12. B 


1.9 


m 


96 


NiFe 


nciO) 


SK6.2) 


1340O 


12.5 


3.2 




97 


NiFe 


ZrOLO) 


SiC6.2) 


14900 


13.1 


2.3 




98 


JfiFe 


Hf(2.5) 


Si(6. 2) 


1250D 


12.8 


2.9 




99 


NiFe 


TW3.6) 


Si(&2) 


11500 


12.6 


2.5 



As compared with the examples 1-13 of a comparison, fee (111) peak intensity each example mentioned above It turns 
out that it is large about 5 times. Moreover, it checked that GMR rate of change and GMR photographic sensitivity 
were also improving. 

[0071] In addition, besides Ti, it forms as a substratum of a crystalline soft-magnetism layer, a GMR head is produced 
about Ta, Zr, Cr, Nb, and Hf, respectively, and fee (111) peak intensity is abbreviation. It checked becoming large 
about 3 to 5 times. 
[0072] 

[Effect of the Invention] Since the crystalline soft-magnetism layer which it is high resistance and can aim at 
enhancement in a stacking tendency is arranged as a substratum of a magnetoresistance-effect layer according to the 
magnetoresistance-effect head of this invention as explained above, properties, such as magnetic-reluctance rate of 
change, can be raised. 



[Translation done.] 
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